In the respiratory tract, different dendritic cell (DC) populations guard a tight balance between tolerance and immunity to infectious or harmless materials to which the airways are continuously exposed. For infectious and noninfectious antigens administered via different routes, different subsets of DC might contribute during the induction of T-cell tolerance and immunity. We studied the impact of primary respiratory syncytial virus (RSV) infection on respiratory DC composition in C57BL/6 mice. We also tracked the migration of respiratory DC to the lymph nodes and studied antigen presentation by lung-derived and lymph node-resident DC to CD4 
Respiratory syncytial virus (RSV) constitutes a major health burden for infants, elderly people, and immunocompromised individuals (16, 19) . The virus infects most children in their first year of life and is the main cause of severe lower respiratory tract infections in infants (19) . Despite many decades of research, the immune response to RSV is still not completely understood. Infection with RSV leads to poor development of immunity, and recurrent infections are common (23) . In mice, it was found that RSV induces virus-specific CD8 ϩ T-cell responses in the lung that are functionally impaired (10) . It has been suggested that a functional inactivation of CD8 ϩ T cells by RSV could be a reason for the short-lived immune response. Furthermore, we and others have previously shown that human monocyte-derived dendritic cells (DC) can be infected with RSV, which results in a strong inhibition of their ability to support proliferative responses and induction of effector function in naïve T cells (11, 12) . An early vaccine trial with formalin-inactivated RSV in alum administered intramuscularly elicited a memory immune response that caused a strong aberrant secondary immune response in vaccinees upon natural exposure with live virus. This resulted in a high rate of morbidity in the vaccinated children (31) . These observations underscore the necessity to understand the components of the immune response that are protective during RSV infections and the need to understand the mechanism by which protective immunity can be elicited for the development of an effective and safe vaccine.
DC play an important role in the initiation of both the innate and adaptive immune responses to pathogens including RSV (3) . They are a heterogeneous population of cells represented by two main subsets, the myeloid or "conventional" CD11c ϩ DC (cDC) and the CD11c low /mPDCA-1 ϩ plasmacytoid DC (pDC) (47, 52) . cDC can be further divided based on the expression of surface markers and anatomic location. cDC in the tissue and cDC in lymph nodes (LN) appear to be different subsets arising from different pools of progenitor cells and with specialized functions (13, 17, 30, 33, 46) . In the mouse lung, two major cDC populations are derived from blood monocytes. CD11c ϩ major histocompatibility complex class II (MHC-II)-positive (MHC-II ϩ ) CD103 Ϫ CD11b high cDC (CD11b hi cDC) are localized in the parenchyma. These cells are the main producers of chemokines and are important for the recruitment of leukocytes (4) . A second cDC population, CD11c ϩ MHC-II ϩ CD103 ϩ CD11b low cDC (CD103 ϩ cDC), is located directly underneath the airway epithelium. These CD103 ϩ cDC express the integrin ␣ E ␤ 7 ; therefore, they are found mainly at the basal lamina of the bronchial epithelia and arterioles, which express E-cadherin, the ligand for ␣ E ␤ 7 . Furthermore, CD103
ϩ cDC express the tight-junction proteins ZO-2 and claudin-7, which enables them to sample the airways with their extensions (45) . In the lung-draining LN, in addition to pDC, at least two steady-state populations of cDC are present, which are characterized by the expression or absence of CD8␣. In contrast to the lung tissue DC, these cells enter the LN from the blood, and they are directly derived from a bone marrow precursor (38, 39, 41) . In addition, minor fractions of tissue-derived cDC also access draining LN in the steady state (28) . Several studies have addressed the roles of different DC subsets that are present in the tissue and LN draining the infection site. In spleen and skin-draining LN, the role of CD8␣ ϩ cDC seems to be important for the initiation of anti-ovalbumin and antiviral CD8 ϩ T-cell responses (6, 26, 35) . In mice exposed to innocuous (ovalbumin) or infectious (influenza virus) antigen, functional specialization was described for CD103 ϩ and CD11b hi lung cDC subsets. CD11b hi cDC presented intranasally administered ovalbumin or influenza virus antigen mainly to naïve CD4 ϩ T cells, while CD103 ϩ cDC were important for the induction of CD8 ϩ T-cell responses (14, 32) . The ability of DC to present or cross-present antigens depends on the type of antigenic materials and the uptake mechanism used by antigen-presenting cells. Hence, different pathogens and innocuous antigens might be differently presented by different DC subsets. We studied the kinetics of lung DC migration and repopulation during primary RSV infection in C57BL/6 mice. We found that upon RSV infection, CD103 ϩ cDC disappeared from the lung, while there was a net increase in numbers of CD11b hi cDC, pDC, and macrophages. Within the first 48 h after virus exposure, both CD103 ϩ and CD11b hi cDC rapidly migrated to the lung-draining mediastinal LN (MLN), while this accumulation was absent in the non-lungdraining axillary LN. The migrating cDC showed the highest level of expression of the costimulatory molecules CD40, CD80, and CD86, which are necessary for T-cell stimulation, compared to the MLN-resident cDC. Furthermore, the migrating cDC transported viral RNA to the MLN and were capable of stimulating RSV-specific CD4 ϩ and CD8 ϩ T-cell responses. Resident cDC in the LN were uniformly negative for viral RNA. However, resident cDC in the LN did present viral antigen to CD8 ϩ and CD4 ϩ T cells via MHC-I and MHC-II, respectively.
MATERIALS AND METHODS
Mice. Pathogen-free 6-to 8-week-old female C57BL/6cjo mice were purchased from Charles River Nederland (Maastricht, The Netherlands). The mouse study protocol was approved by the Animal Ethics Committee of the University Medical Center Utrecht and Utrecht University.
Viruses and infections. RSV strain A2 was grown on HEp-2 cells and purified by polyethylene glycol 6000 precipitation. Mice were lightly anesthetized with isoflurane and intranasally infected with 10 6 PFU RSV in a volume of 50 l diluted in phosphate-buffered saline (PBS) with 10% sucrose.
Isolation of tissue DC. Mice were sacrificed by intraperitoneal injection of pentobarbital. After performing bronchial alveolar lavage (BAL), the lungs were perfused with 10 ml ice-cold PBS containing 100 U/ml heparin via the right ventricle. The lungs and mediastinal and axillary LN were removed and cut into pieces. The fragments were digested for 25 min at 37°C in 5% CO 2 with 3.2 mg collagenase A and 1 mg DNase (Roche Applied Science, Basel, Switzerland). For the last 5 min, 1 mM EDTA was added. Single-cell suspensions were prepared from the pretreated LN by processing the tissue through cell strainers (BD Falcon, Franklin Lakes, NJ).
Flow cytometry. The DC of the lung and LN were prepared as described above. All cell suspensions were preincubated with 5 g/ml blocking antibody against CD16/CD32 (2.4G2), obtained from BD biosciences (San Diego, CA), before staining to reduce nonspecific binding. The cells were stained in PBS containing 2% fetal calf serum, 2 mM EDTA, and 0.02% NaN 3 with the following monoclonal antibodies: anti-CD4 (L3T4), anti-CD8␣ (clone 53-6. CFSE labeling of migrating DC. To detect migrating DC, mice were lightly anesthetized with isoflurane, and 50 l 8 mM carboxyfluorescein succinimidyl ester (CFSE) (Fluka, Buchs, Switzerland) diluted in PBS was intranasally administered 6 h before intranasal infection with RSV. This method is based on labeling of intracellular proteins and is stable for at least 8 weeks in nondividing lymphocytes. Cells that undergo cell division can still be distinguished from unlabeled cells after at least five to six cell divisions (36, 51) . This labeling procedure has frequently been used to stain cells in the lung after intranasal administration and allowed the tracking of respiratory DC migration. At least 95 to 100% of all respiratory DC labeled in vivo remained CFSE positive up to 6 days after CFSE instillation (7, 8, 21, 27, 29, 34, 37 ; our unpublished results). At various time points after RSV infection, DC were isolated from the MLN and axillary LN to study the kinetics of migration.
RSV-specific reverse transcription (RT)-PCR. LN were processed as described above. Subsequently, cDC subsets were sorted on a FACSAria apparatus (BD Biosciences) based on the expression of CD11c and CD103 and the uptake of CFSE. RSV RNA was extracted from 1 ϫ 10 4 DC using the RNeasy minikit (Qiagen, Valencia, CA) according to the instructions provided by the manufacturer. cDNA was prepared with reverse transcriptase using 2.5 M random hexamers for 5 min at 25°C, 30 min at 48°C, and 10 min at 95°C. Real-time PCR for the RSV N gene was performed using an ABI Prism 7700 sequence detector (Applied Biosystems, Foster City, CA) using 10 l of sample in a total volume of 25 l of master mix under the following run conditions: 1 cycle for 2 min at 50°C and 10 min at 95°C, followed by 45 cycles for 15 s at 95°C and 1 min at 60°C. The following primers and 6-carboxyfluorescein-labeled probe were used: RSV forward primer AGA TCA ACT TCT GTC ATC CAG CAA, RSV reverse primer TTC TGC ACA TCA TAA TTA GGA GTA TCA AT, and RSV probe CAC CAT CCA ACG GAG CAC AGG AGA T. Known concentrations of RSV A2 were used to derive a standard curve. Standards and negative controls were run together with each PCR mixture; the lower limit of detection of the assay was 12 viral copies/ml.
Detection of antigen presentation by LN DC. At several time points after RSV infection, the MLN cDC populations were isolated as described above and sorted on a FACSAria apparatus (BD Biosciences). MLN cDC (1 ϫ 10 4 cells) were cocultured with 10 5 lung lymphocytes harvested 8 days after primary infection and before coculture with cDC depleted of CD19-, NK1.1-, and CD4-or CD8-positive cells. An enzyme-linked immunospot (ELISPOT) assay was performed to detect gamma interferon (IFN-␥) production. The mouse IFN-␥ ELISPOT pair (U-cytech, Utrecht, The Netherlands) and Multiscreen-IP filter plates (Millipore, Billerica, MA) were used according to the manufacturers' instructions. Cells were stimulated in 200 l Iscove's modified Dulbecco's medium (Gibco, Invitrogen) containing 10% fetal calf serum, penicillin-streptomycin, and 50 M 2-mercaptoethanol with 25 U/ml recombinant human interleukin-2 for 24 h at 37°C in 5% CO 2 .
RESULTS

Rapid alterations in DC composition in the lung during RSV infection.
To study the role of RSV infection in lung DC populations, we infected C57BL/6 mice intranasally with RSV or uninfected supernatant of HEp-2 cells as a mock infection. At several time points after infection, we performed BAL to remove most of the alveolar macrophages before analysis of lung DC numbers and phenotypes with flow cytometry. The CD103 ϩ and CD11b hi cDC as well as lung macrophages could easily be detected (Fig. 1A) . Within 24 h, we found a rapid decline in absolute numbers of CD103 ϩ cDC and lung macrophages in RSV-infected compared to mock-infected animals (Fig. 1B) . Absolute numbers of CD103 ϩ cDC remained significantly smaller throughout the first 6 days of infection. This suggested that the CD103 ϩ cDC had migrated out of the lung or died because of the infection and were not replenished by precursors. In contrast, absolute numbers of CD11b hi cDC and pDC remained constant during the first 48 h of RSV infection and significantly increased during the following 5 days compared to mock-infected mice (Fig. 1B) .
We also enumerated CD103 ϩ and CD11b hi cDC populations in BAL fluid samples to determine whether migration into the airway lumen occurred. We found that the majority of cells in the BAL fluid consisted of alveolar macrophages.
There were no significant alterations in absolute numbers of CD103 ϩ cDC in the BAL fluid during an RSV infection. Similar to the lung tissue, we observed an increase in the numbers of CD11b hi cDC in BAL fluid, which was delayed by 24 h compared to that in the lung (Fig. 1C) . In conclusion, RSV infection induced a rapid alteration of the DC composition in the lung. We observed a disappearance of CD103 ϩ cDC, while there was an accumulation of CD11b hi cDC and pDC in the lung during RSV infection.
Migration of lung DC to the lung-draining LN. Naïve T-cell priming occurs in LN draining the site of infection. To study the kinetics of lung DC migration to the lung-draining MLN, we administered the fluorescent dye CFSE intranasally to mice to stably label all the cells in the lung 6 h before intranasal RSV infection (34) . This procedure enabled us to track DC migrating from the lung to the MLN during RSV infection and separate migrating from resident DC in the LN with flow cytometry. CFSE treatment alone did not induce significant DC migration, as shown by the minimal numbers of CFSElabeled cells in the MLN after mock infection (Fig. 2C) . After intranasal infection with RSV, predominantly CD11c ϩ cells were labeled with CFSE in the MLN ( Fig. 2A) . There was an 8-to 10-fold increase in absolute numbers of cDC during RSV infection in comparison to mice that received a mock infection (Fig. 2B) . Absolute numbers of CFSE-labeled cDC in the MLN showed a steep rise in RSV-infected mice, which peaked at 36 h after RSV infection. After 36 h, there was a gradual decline in absolute numbers of CFSE-positive (CFSE ϩ ) cDC, while there was still an accumulation of cDC in the MLN (Fig.  2B and C) . This might be explained by the migration of CFSEnegative (CSFE Ϫ ) cDC that originated from cells that entered the lung later after CFSE labeling and hence were not efficiently labeled, or alternatively, these cells were not lung derived but entered the LN from the blood.
In the lungs, we found a net accumulation of CD11b hi cDC, while CD103
ϩ cDC numbers declined in the lung during RSV infection. To determine to what extent both populations migrated to the MLN during the RSV infection, we analyzed the fractions of CFSE ϩ and CSFE Ϫ cells within these subpopulations in the MLN. We found equal numbers of total CD103 ϩ and CD11b hi cDC in the MLN during the first 36 to 48 h after RSV infection (Fig. 2D ). Both CD103 ϩ and CD11b hi cDC contributed equally to the accumulation of cDC in the MLN during the first 36 to 48 h of RSV infection, as the same percentages of CD103 ϩ and CD11b hi cDC were labeled by CFSE (Fig. 2E) . Later during the RSV infection, predominantly unlabeled CD11b hi cDC were responsible for the accumulation of cDC in the MLN (Fig. 2D and F) . Thus, we observed a two-step accumulation of cDC in MLN after RSV infection. In the first 48 h, an influx of equal numbers of both subsets of lung cDC was followed in the next 48-h period by the influx of unlabeled cDC, which might not be lung derived.
Migrating cDC have a more mature phenotype than LNresident cDC. For efficient T-cell stimulation, DC have to be mature; i.e., they should express or upregulate T-cell-costimulatory molecules such as CD40, CD80, and CD86. Therefore, we measured the maturation status of the cDC in the MLN by staining these cells with CD40-, CD80-, and CD86-specific antibodies and compared the expression levels of these surface markers between resident and migrant cDC. We found that at 36 h after RSV infection, the CFSE ϩ migrating cDC had a higher level of expression of all three costimulatory molecules than did the CFSE Ϫ cDC (resident cDC), as judged by the mean fluorescence intensity (Fig. 3A ). Over time, the level of expression of CD40 remained significantly higher on migrating cDC than on resident cDC. The levels of expression of CD80 and CD86 also remained significantly higher on migrant cDC than on resident cDC, but in contrast to a constant level of CD40 expression, these molecules showed a clear peak between 36 and 48 h after RSV infection (Fig. 3B) .
Transport of viral RNA from the lung to the lung-draining LN by lung-derived cDC. DC start a program of maturation after contact with inflammatory cytokines, pathogens, or tissue damage. The lung-derived cDC that arrived in the MLN had a mature phenotype required for efficient T-cell stimulation. To test whether these cells had acquired RSV via either direct infection or uptake of RSV-containing cell debris, we assayed MLN cDC for the presence of RSV RNA. The MLN were harvested 72 h after RSV infection, and the cDC were sorted based on the expression of CD11c and CD103 and labeling by CFSE (Fig. 4A) . Since there was an inverse relationship between the expressions of CD103 and CD11b on lung cDC subsets, we used the absence of expression of CD103 to identify CD11b hi cDC. RNA was isolated from 10 4 cells per population and assessed for the presence of RSV RNA with quantitative RT-PCR for the RSV N gene. We found most of the viral RNA in the cDC that had been labeled with CFSE and, thus, originated from the lung. There was no significant differ- ence in the presence of RSV RNA in CD103 ϩ /CFSE ϩ or CD103 Ϫ /CFSE ϩ cDC, suggesting that they had been infected or had internalized similar amounts of RSV. The CD103 ϩ / CFSE Ϫ cDC contained very low levels of viral material. The expression of CD103 identified these cells as being lung derived. These cells might have been poorly labeled, or most of these cells might have migrated before CFSE labeling. In unlabeled CD103
Ϫ cells, the fraction composed of LN-resident DC and possibly inflammatory monocyte-derived DC originating from blood, no viral RNA could be detected (Fig. 4B) .
MHC-I and MHC-II restricted antigen presentation by lung-derived DC. The lung-derived cDC in the MLN contained most of the RSV RNA and were likely candidates to contribute to the induction of RSV-specific T-cell responses. However, several reports have shown that T-cell responses are induced primarily by the LN-resident DC (1) or by both LN-resident and airway-derived cDC (7) . Furthermore, it is unclear how the different airway cDC types contribute to MHC-I and MHC-II antigen presentation during RSV infection. To investigate which cDC type was involved in antigen presentation to CD4 ϩ and CD8 ϩ T cells during RSV infection, we again sorted MLN cDC 72 h after RSV infection, based on the expression of CD11c and CD103 and CFSE labeling. These sorted MLN cDC were cocultured with lung lymphocytes isolated 8 days after primary RSV infection that were depleted of B and NK cells and either CD4 ϩ or CD8 ϩ T cells. The enriched CD4 ϩ or CD8 ϩ T-cell populations were cocultured with the different cDC subsets, and the level of IFN-␥ production by the virusspecific effector CD8 ϩ or CD4 ϩ T cells was assessed with an IFN-␥ ELISPOT assay. We found that the CFSE-labeled cDC subsets were the most effective inducers of IFN-␥ production by CD8 ϩ T cells. There was no significant difference in IFN-␥ production by CD8 ϩ or CD4 ϩ T cells when these cells where stimulated with CD103 ϩ or CD103 Ϫ lung-derived (CFSE ϩ ) cDC in the T-cell DC ratios used (Fig. 4C and D Ϫ /CFSE Ϫ DC population of non-lungderived DC that did not contain viral RNA was also observed (Fig. 4B to D) . In summary, we found that virus-exposed lung cDC subsets migrating to the MLN as well as non-lung-derived cells present in MLN could present viral antigen to CD4 ϩ and CD8 ϩ effector T cells. Moreover, we found no indication that different cDC subsets preferably processed and presented viral materials for presentation to either the CD4 ϩ or CD8 ϩ T-cell subset.
DISCUSSION
In this study, we showed that both major lung cDC subsets, the subepithelial CD103 ϩ CD11b low and the parenchymal CD103 Ϫ CD11b high DC, as well as a population of non-lungderived MLN cDC display viral antigen in the context of MHC-I and MHC-II molecules in MLN after intranasal RSV infection. Thus, migratory lung DC that might have been directly infected as judged from the observed presence of viral RNA, as well as MLN cDC that did not originate from the upstream infection site in which no viral RNA was detected, triggered T-cell activation in vitro (Fig. 4) . In recent studies with influenza virus infection models and intranasal installation of ovalbumin, a functional specialization of cDC subsets in the lung has been described. CD11b hi and CD103 ϩ cDC were found to differ in their efficacies to present antigen to naïve CD8 ϩ and CD4 ϩ T cells (14, 32) . It was shown that CD103 ϩ cDC had the unique capacity to cross-present exogenously acquired (noninfectious) antigen in vitro to naïve CD8 ϩ T cells (14) . In contrast, CD11b hi lung DC appeared to be more effective in the induction of naïve CD4 ϩ T-cell proliferation. However, the observed functional dichotomy might be less pronounced when antigen is acquired via direct infection. Indeed, there was a clear difference in the abilities of CD11b hi cDC to present live and noninfectious influenza virus particles (32) . Upon intranasal infection with live influenza virus, CD11b hi cDC could present antigen by MHC-I molecules to naïve CD8 ϩ T cells in vitro albeit at a somewhat lower efficiency than that of CD103 ϩ cDC. These differences might reflect the more effective uptake of influenza virus by the CD103 ϩ cDC subset that is located directly underneath the infected airway epithelium and/or the fact that these cells are more easily infected by influenza virus in vitro plus the characteristic of these cDC to also be able to capture and present influenza virus-derived antigen via a noninfectious route (24, 32) . In our experiments with RSV, we found no substantial difference in the infection levels of both lung cDC subsets as measured by viral RNA content (Fig. 4) . Using effector T cells as a readout system to measure antigen display by MHC-I and MHC-II molecules, we found that both migrating lung cDC subsets presented RSV-derived antigens to CD4 ϩ and CD8 ϩ T cells. The presence of viral RNA indicates that a proportion of these DC had been directly infected, but also, material transferred to DC from infected epithelial cells might have contributed to the antigen displayed to T cells. Migrating cDC had upregulated costimulatory molecules CD80, CD86, and CD40. The roles and relative efficacies of the two lung-derived cDC subsets and LN-resident cDC during the initiation of RSVspecific T-cell responses in vivo are unclear. Because T-cell receptor-transgenic mice are not available for RSV, it was not possible for us to study the in vitro stimulation of naïve CD4 ϩ and CD8 ϩ T-cell responses. However, such in vitro studies are inadequate to determine the exact in vivo role of DC in initiating T-cell responses. It was elegantly shown by Allenspach et al. that although migratory DC activated naïve CD4 ϩ T-cell proliferation in vitro, they were unable to initiate T-cell responses in vivo, possibly because they cannot anatomically interact with naïve T cells in the LN (2) . Interestingly, the role of migratory cDC was not limited to antigen delivery into the node, as suggested by previous studies, because the full expansion of antigen-specific T cells required, in addition to primary contacts with LN-resident cDC, secondary contacts with migratory cDC (1, 2) . A similar cooperation of migrating and resident cDC subsets might be needed for the CD8 ϩ T-cell response because studies in vivo in which CD8␣
ϩ LN and splenic cDC were depleted showed the essential role of this DC subset in the initiation of antiviral, antitumor, and ovalbumin-specific CD8 ϩ T-cell responses (6, 7, 26, 35) . Because those studies did not look at the role of CD8␣ ϩ cDC after the administration of antigen via the intranasal/intratracheal route, it is unclear whether the role of LN-resident cDC in the MLN is obligatory, as it is after antigen exposure via intravenous or intradermal administration (5) . The CD103 ϩ lung cDC population has many similarities with the LN-resident CD8␣ ϩ cDC subset. They share the ability to crosspresent and to react to Toll-like receptor 3 stimulation, and in spleen, CD103 is coexpressed with CD8␣. They may therefore function in a similar way in the MLN (14, 15, 45) .
For effective in vivo activation of T-cell responses, other cellular interactions might be required. In addition to multiple DC-T-cell contacts, licensing of cDC by CD4 ϩ T cells might contribute to the efficacy of DC to prime CD8 ϩ T-cell responses in vivo, and after primary trigger in the LN, an additional activation of T cells might occur when activated T cells migrate into the infected tissue (37, 44) . Thus, the complete picture of how effective T-cell responses are elicited can be learned only from experiments with intact hosts. Because it is currently not possible to delete or functionally inactivate single DC populations in the respiratory tract, the exact in vivo role during T-cell activation awaits tools or genetically engineered mice to perform these experiments.
We found a massive increase in total cDC numbers in the MLN, with a peak influx 96 h after RSV infection. There were five-to eightfold-more cDC in the MLN during RSV infection than in mock-infected mice. The peak influx of CFSE ϩ cDC occurred 36 h after RSV infection. This is a slower accumulation of cDC in the MLN, as was reported previously for influenza or Sendai virus infection, where the peak influx of respiratory cDC in the MLN is 12 to 24 h after infection (21, 34, 37) . This can be explained by differences in virus dose or innate detection of the different viruses by pattern recognition receptors, resulting in a different pattern and, possibly, a different tempo of the inflammatory response. The source of accumulating unlabeled CD11b hi cDC in MLN during RSV infection is not clear. These cells might not be lung derived but enter the LN via blood. Alternatively, they might be derived from cells that enter the lung after CFSE labeling or develop from DC precursors after extensive cell division, which results in the dilution of the CFSE label. It was previously reported that DC precursors that can divide extensively and develop into DC upon exposure to granulocyte-macrophage colony-stimulating factor exist in the lung (50) . In contrast, immature DC and mature DC do not extensively divide in the course of 4 days, making these committed DC from the lung an unlikely source of CFSE Ϫ cells in the draining LN (53) . It has been shown that respiratory cDC migrate only during a short period of time after infection and subsequently become refractory to activation signals, resulting in the inability of subsequent infections to induce DC migration (34) . Therefore, local development of DC from lung or monocyte precursors most likely contributes to the enhanced CD11b ϩ DC numbers in the lung tissue (Fig.  1B) , and the late-expanding unlabeled CD11b hi cells in MLN are most likely not lung derived.
We and others have shown that human DC infected with RSV are poor inducers of T-cell proliferation (11, 12, 22) . Also, CD4
ϩ T cells that do expand upon exposure to RSVinfected DC do not develop effector function to an extent similar to that of T cells cultured with influenza virus-infected DC or DC matured with Toll-like receptor ligands or cytokines. The exact mechanism of the inhibition effect is still not completely clear. Cell contact mechanisms as well as unidentified soluble components in RSV-DC cultures might contribute to inefficient DC function (11, 12, 20, 22, 40) . Despite the fact that RSV infection impairs DC function, we have observed quite robust functional T-cell responses in peripheral blood of infants during primary RSV infections (25) . These observations indicate that in vivo cross-presentation could be an important pathway of T-cell priming. Thus, a role for LN-resident DC that are not infected might be important during the activation of RSV-specific T-cell responses.
During respiratory infection with RSV and influenza virus, an increase in DC populations in the lungs of humans and mice has been observed (9, 18) (Fig. 1B) . These cells might play a role in the additional activation of LN-primed T cells and/or be important as local antigen-presenting cells that stimulate effector/memory T cells that are directly recruited to inflammatory sites (37, 48, 49) . Furthermore, they could also play a role in the production of cytokines and chemokines that are involved in the attraction of different inflammatory cell types (13) . Previous studies of RSV-infected mice reported the increase of cDC and pDC populations in the lung, similar to our observations ( Fig. 1) (9, 42, 43 ). However, in those studies, the cDC subsets that accumulated were not further characterized. We show that upon RSV infection, both CD103 ϩ and CD11b hi cDC migrate in similar numbers to the draining LN but that only CD11b hi cDC are replenished and reach higher levels than originally present in the lung tissue. In contrast to LNresident cDC that develop from precursor cells in the bone marrow, blood monocytes are the precursor cells that give rise to the two major lung tissue cDC subsets (13, 30, 33, 38) . Ly6C(Gr1) high CCR2 high CX3CR1 int monocytes develop into CD103 ϩ cDC, whereas Ly6C(Gr1) low CCR2 low CX3CR1 high monocytes develop into CD11b hi cDC under homeostatic conditions (30). Landsman et al. previously showed that both monocyte subsets also give rise to cDC under inflammatory (lipopolysaccharide given intratracheally) conditions (33) . However, the phenotype of the resulting cDC populations was not determined. It is unclear whether the accumulating CD11b hi cDC subset in the lung after RSV infection is derived from a single monocyte precursor and whether this is different during different viral infections. It is an intriguing idea that the type of inflammatory response induced by the infecting virus might impact the pattern of DC repopulation. During influenza virus infection, CD11b hi cDC numbers were also increased, while it appears that CD103 ϩ cDC numbers stayed stable during the first 3 days after influenza virus infection, suggesting that these cells were replenished but to a lower extent than that for CD11b hi cDC (32). It was previously described that local ratios of cDC and pDC in the lung might affect the severity of RSV disease, whereby pDC might ameliorate disease by shifting the T-cell response to a Th1 type of response and potentiate more effective viral clearance (42, 43 ϩ T-cell responses. However, it is currently unclear how pDC contribute to enhanced CD8 ϩ T-cell responses; clearly, IFN-␣ is not crucial for this process (43) .
We have shown that at least three subsets of cDC display RSV-derived antigen in the context of MHC-I and MHC-II molecules in the LN draining the infected lung. These subsets might thus be involved in activating RSV-specific T cells circulating through the LN. We further identified the cDC subset that enters the lung after RSV infection as being CD11b hi cells, while CD103
ϩ cells are not replenished in the first 8 days after RSV infection. Future work aimed at studying the contribution of DC subsets during secondary immune responses after natural infection or vaccination and in the presence of preexisting (maternal) antibodies will contribute to our understanding of the exact role that these cells play during protective or pathological immune responses. These studies may therefore contribute to the design of safe vaccine approaches.
